At ICARDA, germplasm collections obtained from five countries namely, Bangladesh, Ethiopia, Syria, Nepal and Pakistan were grouped in to seven sets of trials (BANG1, BANG2, ICARDA, ETH1, ETH2, NEP, PAK) and evaluated in two experimental locations, Tel Hadya and Breda over eight years. Characterization was done for the most desirable agronomic traits such as days to first flowering, days to 95% maturity, biological yield, seed yield, hundred seed weight and harvest index. Significant genotypic and interaction effect were found for the expression of the traits. Substantial amount of variability was revealed in the germplasm collections for most of the traits. High broad sense heritability was observed for days to first flowering and hundred seed weight indicating early phenotypic selection of these two traits. The stability over years for the seed yield (in terms of the CV), identified promising accessions such as ILG2178 in BANG1 and ILG1721, ILG1632, ILG1624, ILG1540 and ILG1501 for future breeding.
Introduction
Grass pea (Lathyrus sativus L.), commonly known as chickling vetch is a cool season legume crop (2n=14) (Talukdar 2009; McCutchan 2003) . It is traditionally valued as a food and fodder legume. It offers rich source of seed protein (18-34%) for the human diet; and thus, it plays an important role in food protein supply of the poor people living in many developing nations (Nazrul and Shaheb 2015; ICARDA 2015; Dixit et al. 2016) . Also, it has a great scope for cultivation in the drought prone areas; there has been an increasing interest in recent times for grass pea cultivation to counter the effect of global climate change. Eventually, the area of grass pea cultivation is expected to increase in the near future (Dejene and Lijalem, 2012; Almeida et al. 2015) .
However, presence of neurotoxin, β-N-oxalyl-L-, α-diaminopropionic acid (ODAP) in grass pea seeds causes paralysis of leg muscles in human beings (Neurolathyrism), when it is consumed continuously as a major portion for a prolonged period of time (McCutchan 2003; Kumar et al. 2011; Kumar et al. 2013) . Besides, there are some undesirable agronomic crop characteristics which limits the widespread cultivation of grass pea in various environmental conditions (Rybiñski 2003) . Numerous studies had been done to address the problem of seed ODAP content in the past three decades and it was extensively reviewed by Kumar et al. (2011) , Kumar et al. (2013) and Dixit et al. (2016) . But, very few breeding efforts were done for the improvement of agronomic traits (Ahmadi et al. 2015; Rizvi et al. 2016; Abate et al. 2018) . In order to develop varieties with desirable agronomic traits determination of genetic variation in the existing germplasm is necessary.
The International Center for Agricultural Research in the Dry Areas (ICARDA) holds large germplasm collection of Lathyrus spp. Using this precious resource, ICARDA collaborated with national breeding programmes and developed grass pea varieties with low ODAP content. But, it has not been completely characterized for agronomic traits. Availability of such information would be useful to identify new sources for grass pea improvement. With this background, the present work was carried out to (1) evaluate grass [Vol. 78, No. 3 pea germplasm collections of ICARDA at two different locations over multiple years (2) assess the genetic variability and heritability of the agronomic traits (3) identify the most promising sources with desirable agronomic traits for future breeding.
Materials and methods
An extensive multi-environmental trial was conducted with 702 grass pea germplasm accessions at two research stations namely Breda and Tel Hadya, located in northern Syria for eight years (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) . Based on the origin, the entire germplasm was grouped in to seven different sets of trials namely, BANG1 and BANG2 from Bangladesh, ETH1 and ETH2 from Ethiopia, ICARDA from Syria, NEP from Nepal and PAK from Pakistan. The total number of accessions across the trials varied from 49 to 225. ILG347 was used as a local check in all trials except in ETH2 and ICARDA; ILG587 was used as a local check in ETH2 and ILG431 was used as a local check in ICARDA. All trials were conducted in a simple lattice design. Except for BANG2 and ETH2, all trials were conducted at two locations; and these two were conducted only in Tel Hadya because of low seed availability. During the crop growing period, data collection was done for the agronomic traits including days to first flowering (DF), days to 95 % maturity (DM), biological yield (BY), seed yield (SY) and hundred seed weight (HSW). Harvest index (HI) was estimated as a ratio of SY to the BY (AghaAlikhani et al. 2014) .
A combined analysis was carried out for the data collected over different environments. Variance components of genotype (G), genotype x location (G×L) and genotype x year within locations (G×YxL) and pooled error variance were estimated by Residual Maximum Likelihood (REML) approach. It considered location as a "fixed" effect and replications and blocks within replications within location -year combinations as "random" effects. From the analysis, the Best Linear Unbiased Predictors (BLUP) values were attained and utilized to derive the trial means and ranges for all traits. The broad-sense heritability (h 2 b) of each trait was calculated by using the formula as follows: As a measure of stability over the years for seed yield, coefficient of variation (CV) was obtained in terms of BLUPs of genotype x year interaction within locations for each genotype using the quadratic mean of such CVs over the locations (Imtiaz et al. 2013) .
Results and discussion
The combined analysis revealing differences in the significance level (P-values) of genotypic effect (G), interaction effect across locations (G×L) and year within locations (G×YwL) is presented in Table 1 . Significant genotypic differences were found for all traits across the trials, except DM in BANG1 and PAK and SY in ETH2. The genetic variability was set at the boundary at zero to avoid an invalid estimate as negative values and the interaction effects contributed as the major source of variation for days to maturity and harvest index in ETH1. The GxL interaction was found significant for DF in ICARDA and PAK; DM in BANG1, ETH1, ICARDA, NEP and PAK; HSW in BANG1, BY in PAK and HI in ETH1. Furthermore, the GxYwL interaction was found significant for all traits across the trials except for DM in ETH1; SY and HI in ICARDA and BY in PAK. A study conducted by Polignano et al. (2009) also demonstrated genotype × environment effects on these traits.
The minimum and maximum values of the traits presented in Table 2 , identified BANG2 (79.7 days) for early flowering, ETH2 for early maturity (139.3 days) and large seeds (17.52g 100 seeds -1 ); BANG2 for high SY (1721 Kg/ha) and high BY (5783 Kg/ha) and ETH1 and NEP for HI (0.42) as beneficial sources (Table 2) . The variation found for earliness and BY in BANG2 would facilitate breeders to develop varieties which could benefit short season Mediterranean environments (Hanbury et al. 1995) and improve grass pea for fodder purpose. High broad sense heritability of DF and HSW across all trials, indicate the influence of additive gene action and early phenotypic selection for these two traits (Table 1) . However, other traits have obtained similar changes in heritability values as shown by Ahmadi et al. (2015) during the evaluation over different environmental conditions.
The five most promising accessions for each individual trait were selected based on BLUP (Best Linear Unbiased Predictor) values and presented in Table 3 . Particularly, accessions such as 2537, 2504, 2517, 2541 and 2577 in BANG2 had early flowering , 1972, 1897 and 1964 in NEP had demonstrated high HI. Interestingly, the accession 2997 was found to have multiple beneficial traits with high SY (1721Kg/ ha), BY (5783Kg/ha) and HSW (13.78g). It would be pertinent to mention that the focus of the present study was not to study the adaptation of the accessions to the repeatable bio-physical environments such as locations. Furthermore, data from too few locations, two in the present study, restricted the scope of the application of procedures such as AMMI (additive main effects and multiplicative interaction) model and GGE biplot (Gauch, 2006) . However, the temporal variation or stability over years were examined for the seed yield in terms of the CV. The top five accessions for seed yield were also stable across years with relatively low CV values using rank values less than five, e.g., ILG2178 had the second lowest CV in BANG1 (Table  3 ). The five high yielding accessions were also most stable (lowest CV or ranks 1-5) in BANG2. In the remaining trials, one to three accessions had CV ranks within five. The diverse and promising accessions identified in the present study could be used as a donor in future breeding.
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